I[NTRODUCTION]{.smallcaps} {#sec1-1}
==========================

The metabolic syndrome (MS) is defined by a cluster of factors, namely central obesity, glucose intolerance, hyperinsulinemia, low-high-density lipoprotein (HDL) cholesterol, high triglycerides (TG), and systemic hypertension.\[[@ref1]\] In India, recent rise in MS has been attributed to the shift in lifestyles both in the urban and in the rural areas.\[[@ref2]\] MS has the potential to double the risk of cardiovascular disease, which is one of the major leading causes of adult death.\[[@ref3]\] Thus, early identification of MS and understanding its risk factors is crucial for context-specific interventions. Due to lack of internationally agreed criteria for diagnosing MS, the past studies reported varied prevalence. World Health Organization (1998), European Group for the study of Insulin Resistance (1999), United States third report of the National Cholesterol Education Program, Adult Treatment Panel (ATP) (2001), ATPIII revised criterion (2005), and the International Diabetes Federation (IDF 2005) have proposed various definitions.\[[@ref4]\] Among these, the latest IDF definition provides an accessible, platinum standard diagnostic tool suitable for the use in community-based epidemiological studies. The Union Territory of Puducherry is a cultural melting pot for French, Tamil, Telugu, Malayalam, and Kannada. It is a famous tourist destination known for the cheap and easy availability of liquor. Its urban and rural life is influenced by the modern lifestyle. Considering the limited number of studies on MS in this culture, the present study was done to estimate the burden of MS using IDF criteria and identifying its determinants among the rural adult population of Puducherry.

M[ATERIALS AND]{.smallcaps} M[ETHODS]{.smallcaps} {#sec1-2}
=================================================

Study setting {#sec2-1}
-------------

The study was carried out at 13 villages comprising of 8400 households under the service area of Primary Health Centre (PHC) situated at Thirubhuvanai, Puducherry. The PHC provides 24-h services, and it runs a special clinic for noncommunicable diseases (NCDs) on 2 days in 1 week. There were around 1450 patients registered and availing service in NCD clinic.

Study design and population {#sec2-2}
---------------------------

It was a community-based cross-sectional study conducted among adults (≥30 years) of both genders residing in the service area of PHC. People who were mentally retarded, seriously ill, pregnant, and lactating mothers were excluded from the study. It was carried out between January 2016 and August 2017.

Sample size and sampling {#sec2-3}
------------------------

The sample size was calculated using the formula, N = (Z~1-α/2~)^2^ p (1-p)/d^2^, where *P* is the prevalence of MS as 30% from the previous study,\[[@ref5]\] and d is relative precision of 20% with anticipated nonresponse of 20%. To adjust for the effect of cluster random sampling, design effect of 1.8 was adopted and it was calculated using the formula 1+ (k-1) ρ, where k is the cluster size (40) and ρ the intercluster correlation (0.02). Probability proportional to size method was used to select the clusters from villages of this PHC.

Study tool and study variables {#sec2-4}
------------------------------

Pretested structured questionnaire was used to collect information on sociodemography, diet, physical activity, perceived stress, tobacco and alcohol use, anthropometry, blood pressure, and lipid profile. The questionnaire was administered by trained medical social workers, and blood samples were collected by the trained medical interns under supervision.

Dr. B. G. Prasad\'s socioeconomic status (SES) scale for the year 2016 was used. The fruits and vegetables consumed per day were classified into normal and low consumption based on the National Nutrition Guidelines.\[[@ref6]\] Physical activity and stress were measured using the International Physical Activity Questionnaire\[[@ref7]\] and the perceived stress scale, respectively.\[[@ref8]\] Tobacco and alcohol usage was ascertained based on standard definitions.\[[@ref9]\] Height, waist circumference, and weight were measured using nonstretchable inch tape and bathroom weighing scale, respectively, as per the standard protocol,\[[@ref10]\] and blood pressure was measured using a digital sphygmomanometer (OMRON HEM-7111). Fasting lipids (TG and HDL) and fasting blood sugar (FBS) were measured using a portable digital lipid analyzer (SD LipidoCare, SD Biosensor, Inc.). The new IDF definition was used to diagnose MS.\[[@ref4]\] SD Lipidocare was validated on 10% of study sample for the present study against the measurements of venous FBS, TG, and HDL using the gold standard auto-analyzer (Chemwell Automated Chemistry Analyser, Awareness Technology, USA).

Procedure for data collection {#sec2-5}
-----------------------------

Institute Ethics Committee clearance was obtained before initiating the study (Code No: 61/2015). Participants with increased waist circumference were assessed for the eligibility to carry out blood investigation. Among the eligible participants, FBS and fasting lipid profile were measured using validated SD LipidoCare. The results were informed to the study participants. Whenever the values were abnormal, they were instructed to consult a physician for further management.

Data entry and analysis {#sec2-6}
-----------------------

Data were entered into EpiData Manager software (version 4.2, EpiData Association, Odense, Denmark). IBM SPSS Statistics, version 24 (IBM Corp., Armonk, NY, USA) was used for data analysis. The intraclass correlation coefficient (ICC) estimates and the indices of diagnostic accuracy were calculated for the instrument. The prevalence of MS was calculated with its 95% confidence interval (CI). Unadjusted prevalence ratios (PRs) and their 95% CI were calculated. Multivariate generalized linear models with Poisson distribution and log link function were done to calculate adjusted PRs.

R[ESULTS]{.smallcaps} {#sec1-3}
=====================

Majority of the participants (36.6%) belong to the age group of 45--59 years, 52.8% of them were females, 73.8% were married, and 29% belong to lower SES. Most of the participants (95.6%) were Hindu by religion. Refined sunflower oil was used for cooking by 71% of them. Rest of them consumed palm, groundnut, gingelly, coconut, olive, and mixture of oils. For the ease of analysis, they all were clubbed under others category. Majority of them were not consuming the recommended daily amount of fruits and vegetables. Low level of physical activity was found in 47.5% of them, and high perceived stress was found in 20.8% of them. Current use of any form of tobacco and alcoholic beverages was 16% and 10.2%, respectively \[[Table 1](#T1){ref-type="table"}\].

###### 

Sociodemographic details and the risk factor profiles and their association (unadjusted and adjusted analyses) with metabolic syndrome of study participants (*n*=489)

  Study variables                                    Total, *n* (%)^@^   MS seen, *n* (%)^\#^   Unadjusted PR (95% CI)   *P*         Adjusted PR (95% CI)   *P*
  -------------------------------------------------- ------------------- ---------------------- ------------------------ ----------- ---------------------- -----------
  MS                                                 489 (100)           194 (39.7)             \-                       \-          \-                     \-
  Age (years)                                                                                                                                               
   30-44                                             171 (35)            48 (28.1)              1 (reference)            NA          1 (reference)          NA
   45-59                                             179 (36.6)          87 (48.6)              1.73 (1.30-2.30)         \<0.001\*   1.69 (1.26-2.27)       \<0.001\*
   ≥60                                               139 (28.4)          59 (42.4)              1.51 (1.11-2.06)         0.008\*     1.58 (1.13-2.20)       0.006\*
  Marital status^\^^                                                                                                                                        
   Single                                            37 (7.6)            9 (24.3)               1 (reference)            NA          1 (reference)          NA
   Married                                           361 (73.8)          142 (39.3)             1.62 (0.90-2.90)         0.07        1.41 (0.79-2.49)       0.23
   Others                                            81 (16.6)           35 (43.2)              1.78 (0.95-3.30)         0.06        1.34 (0.72-2.49)       0.34
  SES^\^^                                                                                                                                                   
   Upper                                             19 (3.9)            11 (57.9)              1.71 (1.1-2.68)          0.04\*      1.72 (1.09-2.69)       0.02\*
   Upper-middle                                      65 (13.3)           27 (41.5)              1.23 (0.85-1.78)         0.28        1.34 (0.95-1.91)       0.09
   Middle                                            93 (19)             42 (45.2)              1.34 (0.97-1.84)         0.08        1.32 (0.94-1.84)       0.10
   Lower-middle                                      151 (30.9)          58 (38.4)              1.14 (0.84-1.54)         0.41        1.14 (0.85-1.53)       0.35
   Lower                                             142 (29)            48 (33.8)              1 (reference)            NA          1 (reference)          NA
  Oil type                                                                                                                                                  
   Refined Sunflower oil                             347 (71.0)          147 (42.4)             1.28 (0.98-1.67)         0.06        1.40 (1.07-1.83)       0.01\*
   Others                                            142 (29.0)          47 (33.1)              1 (reference)            NA          1 (reference)          NA
  Physical activity                                                                                                                                         
   High                                              100 (20.4)          27 (27.0)              1 (reference)            NA          1 (reference)          NA
   Medium                                            157 (32.1)          68 (43.3)              1.60 (1.11-2.32)         0.008\*     1.56 (1.07-2.26)       0.02\*
   Low                                               232 (47.5)          99 (42.7)              1.58 (1.11-2.25)         0.007\*     1.44 (1.00-2.06)       0.05\*
  Perceived stress                                                                                                                                          
   Low                                               174 (35.6)          52 (29.9)              1 (reference)            NA          1 (reference)          NA
   Medium                                            213 (43.6)          84 (39.4)              1.32 (1.05-1.75)         0.05\*      1.33 (0.98-1.78)       0.06
   High                                              102 (20.8)          58 (56.9)              1.90 (1.43-2.53)         \<0.001\*   1.77 (1.32-2.37)       \<0.001\*
  Fruit intake per day^\^^ (one portion=100 G)                                                                                                              
   Normal (≥1)                                       89 (18.2)           26 (29.2)              1 (reference)            NA          1 (reference)          NA
   Low (\<1)                                         396 (81.0)          166 (41.9)             1.43 (1.02-2.02)         0.03\*      1.49 (1.05-2.10)       0.02\*
  Vegetable intake per day^\^^ (one portion=100 G)                                                                                                          
   Normal (≥3)                                       81 (16.6)           28 (34.6)              1 (reference)            NA                                 
   Low (\<3)                                         405 (82.8)          165 (40.7)             1.18 (0.85-1.63)         0.30                               
  Tobacco usage                                                                                                                                             
   Never                                             388 (79.3)          155 (39.9)             1 (reference)            NA                                 
   Past                                              23 (4.7)            10 (43.5)              1.09 (0.67-1.76)         0.73                               
   Current                                           78 (16)             29 (37.2)              0.93 (0.68-1.27)         0.64                               
  Alcohol usage                                                                                                                                             
   Never                                             414 (84.9)          160 (38.6)             1 (reference)            NA                                 
   Past                                              24 (4.9)            11 (45.8)              1.19 (0.76-1.86)         0.48                               
   Current                                           50 (10.2)           23 (46)                1.19 (0.86-1.65)         0.31                               

\*Statistically significant (*P*≤0.05), ^@^Column percentage, ^\^^The totals do not tally as the analysis was done after excluding the missing values, ^\#^Row percentage. PR: Prevalence ratio, CI: Confidence interval, NA: Not applicable, MS: Metabolic syndrome, SES: Socioeconomic status

There was statistically significant good reliability (ICC: 0.75--0.9) for HDL and excellent reliability (ICC \>0.9) for TG and FBS values measured by using SD LipidoCare and auto-analyzer. The sensitivity, specificity, and accuracy of SD LipidoCare were 92.9 (95% CI: 80.7--97.7), 90.5 (95% CI: 0.78--0.96), and 91.4 (95% CI: 80.7--0.97), respectively.

The prevalence of MS was found to be 39.7% (95% CI: 35.3--44.1) among the study participants. The most commonly deranged component of MS was central obesity found in 63.6% of the participants. [Figure 1](#F1){ref-type="fig"} provides the details of derangement of other components.

![Prevalence of metabolic syndrome as per the International Diabetes Federation criteria and derangement in its individual components included in the International Diabetes Federation criteria (*n* = 489). Note: Figures within parenthesis indicate the 95% confidence interval](IJCM-44-21-g001){#F1}

In univariate analysis, age more than 44 years, female, higher SES, Muslim religion, refined sunflower oil usage for cooking, less consumption of fruits and vegetables, physical inactivity, perceived high stress, tobacco, and alcohol consumption were identified as risk factors to develop MS. Univariate analysis showed that females were found to have higher chance (PR -- 1.06, 95% CI: 0.85--1.32) and Christians the lower chance (PR -- 0.86, 95% CI: 0.17--4.28) to have MS; however, this was not statistically significant. Of the other factors, age, upper SES, low fruit intake, physical inactivity, and perceived stress were significantly associated with MS \[[Table 1](#T1){ref-type="table"}\].

Multivariate regression analysis showed that age group of 45--59 years and ≥60 years, upper SES, refined sunflower oil used for cooking, low fruit intake, medium physical activity, and high perceived stress were independently associated with MS \[[Table 1](#T1){ref-type="table"}\].

D[ISCUSSION]{.smallcaps} {#sec1-4}
========================

We found that 39.7% rural adults (40.7% among females and 38.5% among males) had MS based on modified IDF criterion. The prevalence of MS has been reported to vary widely from 7.9% to 39% among various studies conducted across different developing countries in the world.\[[@ref11][@ref12][@ref13]\] In India, it ranged from 9.2% to 43.2% as reported in the previous studies,\[[@ref5][@ref14][@ref15][@ref16]\] with a minimum prevalence of 9.2% and the maximum of 36%.\[[@ref5][@ref14]\] The variations in prevalence could be attributed to the adoption of different criteria for MS, study settings, laboratory techniques, and risk factors. Notably, in this study, the prevalence of MS was the highest among the previously reported.

In addition to the routine risk factors reported in the previous research,\[[@ref5][@ref11][@ref12][@ref13][@ref14][@ref15][@ref16]\] we found that the use of refined oil for cooking and perceived stress was the significant risk factors for MS. These factors were not routinely studied earlier. Stress activates the hypothalamic--pituitary--adrenal axis and the sympathetic--adrenomedullary axis resulting in the cellular level inflammation.\[[@ref17]\] Stress when persists longer gives rise to allostatic load, which results in various NCDs, including MS.\[[@ref18]\] Unadjusted and adjusted analyses were done in the current study that showed the association of perceived stress with MS. The dose--response relationship was also demonstrated clearly, and the findings were significant \[[Table 1](#T1){ref-type="table"}\].

Dietary factors, especially intake of fat, have been linked with the initiation of proinflammatory changes resulting in insulin resistance and MS.\[[@ref19]\] The present study captured that the use of refined sunflower oil was independently associated with MS. The probable explanation could be the high linoleic acid/alpha--linolenic acid ratio in sunflower oil and the process of refinement. This finding was consistent with that of a previous study done at Chennai.\[[@ref20]\]

Over time, the public awareness about NCDs was raised; however, it failed to be translated into their reduction.\[[@ref21][@ref22]\] Hence, science-based behavior-focused communications have to be designed based on nonhealth-related emotional drivers. Creation of more external enabling environment and context-specific behavior change communication strategies are the solutions.\[[@ref23]\] Yoga is considered as the way of life which teaches physical poses, breathing exercises, and meditation. A systematic review showed yoga can be preliminarily considered as a safe and effective intervention for reducing waist circumference and blood pressure in patients of MS who were not adhering to conventional forms of exercise.\[[@ref24]\]

Strengths and limitations {#sec2-7}
-------------------------

The present study has several strengths. First, to our knowledge, it was the first community-based study on MS in rural Puducherry; second, it was carried out in a randomly selected relatively large sample; hence, results can be fairly extrapolated; third, we assessed the rarely studied risk factors of MS, including stress; and finally, the multivariate regression analysis was used to find their independent risks. However, being a cross-sectional study, it is difficult to establish the temporal association.

C[ONCLUSIONS AND]{.smallcaps} R[ECOMMENDATIONS]{.smallcaps} {#sec1-5}
===========================================================

The prevalence of MS was found to be high. To reduce the burden, the focus should be given on promotion of healthy lifestyle among youth and early screening for risk factors such as obesity, lack of physical activity, and stress. Context-specific cost-effective and feasible interventions to reduce identified risk factors are the need of the hour.

Financial support and sponsorship {#sec2-8}
---------------------------------

We sincerely thank the management of Sri Manakula Vinayagar Medical College and Hospital for providing the financial support under intramural funding.

Conflicts of interest {#sec2-9}
---------------------

There are no conflicts of interest.

We acknowledge the Medical Officer of Primary Health Centre (Thirubhuvanai), medical interns and social workers for their support.
